mothers when rabbit antirat placenta serum was administered to pregnant rats. In 1961, Brent and his colleagues (3) first reported that intraperitoneal injection of rabbit antiserum against rat kidney homogenate to pregnant rats during the organogenetic period produced congenital malformations. After this publication, Brent (4) and Nemirovsky (12) reported that heterologous antisera directed against chorioallantoic placenta also induced abnormal embryonic development. The underlying mechanism whereby teratogenic antisera induces abnormal embryonic development is not understood. It is well established that heterologous antiserum directed against rat placental homogenate crossreacts with renal antigens. The injection of heterologous antiplacenta serum will lead to a glomerulopathy similar to that of Masugi nephritis (15). The previous two investigations (4, 12) on teratogenesis induced by placental antisera utilized whole placenta homogenate; the responsible placental antigens that elicit the production of teratogenic antibodies have not been identified. The important relationship between teratogenesis and maternal nephritis induced by antiserum against placenta has not been determined. This communication reports on the isolation of a soluble glycoprotein fraction from rat chorioallantoic placenta using detergent sodium deoxycholate and concanavalin A (Con A) affinity chromatography. The rabbit antiserum raised against this placental glycoprotein fraction was teratogenic, but not nephrotoxic.
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Summary Speculation
Timing of pregnancy. Randomly bred Wistar rats were mated 12 h overnight. Females that had been inseminated were considered to be 0 h 0 days pregnant at 9:00 a.m. the next morning or at the beginning of the 1st day of pregnancy. Rats were housed in stainless steel cages and given food (Purina Mouse Chow) and water ad libitum.
Isolation of soluble glycoprotein antigens. Rat chorioallantoic placentas were removed from rats in their 16th day of gestation. Visceral yolk-sacs and remnants of Reichert's membrane, which might still attach to the placentas were carefully removed surgically from the fetal surface of the placentas. The placentas were immediately frozen and stored at -60°C. One hundred frozen placentas were utilized for each experiment. They were taken out from the deep freeze and homogenized immediately in phosphatebuffered saline (PBS) in a Virtis "45" homogenizer (Virtis Company, NY) for 10 min at 4°C. The homogenate was then centrifuged at 40,000 X g for \12 h at 4°C. The supernatant was removed and the residual pellet was washed again by homogenizing in PBS Dobrowolski (5) first showed that heterologous antisera against as before. The supernatant resulting from the second homogenichorioallantoic placenta, produced in the goat, interrupted preg-zation and centrifugation was combined with the first supernatant, nancy in guinea pigs and rabbits. Later in a series of papers, dialyzed against distilled water and lyophilized. The washed plaSeegal and Loeb (13, 14) and Loeb and Seegal (11) reported cental residue was extracted with 100 ml of 0.1 M Tris-HCl buffer resorption of rat fetuses and the development of nephritis in the pH 8.0 containing 1% sodium deoxycholate for 2 h with constant 973 Data obtained from this study suggest that different antibodies may be involved in nephrotoxic serum nephritis (Masugi nephritis) and experimental production of congenital malformations induced by heterologous antirat placenta antiserum. The teratogenic antibodies against the glycoprotein fraction obtained by concanavalin A affinity column were not nephrotoxic. The teratogenic antibodies may crossreact with antigens in Reichert's membrane and the visceral yolk-sac endodermal cells. It is possible that the teratogenic antibodies may induce abnormal embryonic development by interfering with the normal functions of the yolk-sac placenta.
Previous investigations concerning the biologic effects of heterologous antisera raised against rat chorioallantoic placenta demonstrated that the antisera were nephrotoxic, abortifacient, and teratogenic. It is important to determine if maternal nephritis is associated with abnormal embryonic development induced by antiplacenta sera. In this report, a soluble glycoprotein fraction was isolated from rat chorioallantoic placentas of day 16 of gestation· by concanavalin A affinity chromatography after solubilizing the saline-washed placental sediment by sodium deoxycholate. Antiserum raised against this soluble glycoprotein fraction induced abnormal embryonic development when the antiserum was injected intraperitoneally into 9th day pregnant rats. The teratogenic effect of the antiserum was dose-dependent. The most frequently observed congenital defect was anophthalmia. Examination of the teratogenic antiserum for nephrotoxicity was performed by measuring the daily urinary protein output of the injected animals and by examining the ultrastructural morphology of the renal glomeruli after the injection of the antiserum into male and pregnant rats. The data indicated that the teratogenic antiserum was not nephrotoxic and therefore support the view that abnormal embryonic development does not result from maternal Masugi nephritis in this experimental model. In vivo immunofluorescent studies demonstrated that the antibodies to the placental glycoproteins localized primarily in the visceral yolk-sac endodermal cells and in Reichert's membrane, which is the basement membrane of the parietal yolk-sac. It is postulated that the antiserum might induce abnormal embryonic development by interfering with the normal functions of the yolk-sac placenta.
stirring at room temperature. The treated mixture was centrifuged at 40,000 X g for V2 h. The clear supernatant was recovered and dialyzed extensively against the O. I M Tris-HCI buffer for 5 days with daily changes of buffer. The dialysate was centrifuged at 40,000 X g for V2 h. and concentrated to about 20 ml by an Amicon ultrafiltration unit fitted with a PM 10 membrane. The concentrate from the Amicon ultrafiltration unit was clarified by centrifugation at 2000 X g. The clear supernatant was applied onto a Cen A-Sepharose 4B column prepared as follows. Con A covalently bound to Sepharose 4B was obtained from Pharmacia (Uppsala, Sweden). One ml of packed Sepharose 4B contained approximately 10 mg of Con A. Twenty-five ml of Con A-Sepharose 4B was equilibrated with O. I M Tris-HCI pH 8.0 buffer and packed into a glass column (15 x 150 mm). The equilibrated protein concentrate was allowed to pass through the Con A-sepharose 4B column at a flow rate of 5 mi/h at room temperature. The column was then washed with the same buffer until the absorption of the effluent at 280 nm decreased to almost the buffer level. The absorbed glycoproteins were eluted by the addition of the same buffer containing O. I M a-methyl-o-mannoside. The eluted glycoproteins were dialyzed against distilled water for 3 days with multiple changes of distilled water, and then lyophilized.
Production of rabbit antiserum. New Zealand white female rabbits weighing about 2.5 kg each were utilized for the production of antisera by the method described previously (10) . The two lyophilized placental protein fractions, PBS-extract and glycoproteins eluted from Con A column, were reconstituted with a small volume of PBS. Ten mg oflyophilized proteins were used for each immunization. Rabbits were initially immunized in the footpads. Subsequent subcutaneous injections were given weekly for 6 wk. Rabbits were bled after the fourth immunization. Rabbit antiserum was similarly produced against Con A (Sigma Company). Antibody titers of the antisera were monitored by double immunodiffusion in gel.
Bioassay of antisera for teratogenicity. Teratogenicity testing of the antisera was performed in the following manner. On the 9th day of gestation, pregnant rats were injected intraperitoneally with 10 mi/kg of various experimental and control antisera. All rats were anesthetized with sodium pentobarbital (30 mg/kg). Another group of pregnant rats were injected with preimmunization rabbit serum as controls. The mothers were sacrificed on the 22nd day of gestation and the fetuses were delivered by caesarean section. The fetuses were examined grossly, weighed, and fixed in Bouin's fixative for dissection. The incidence of malformations was determined by the cross-sectional technique of Wilson (I6).
Determination of nephrotoxicity of teratogenic antiserum. The nephrotoxicity of the teratogenic antiserum was evaluated by its ability to induce proteinuria when injected into male rats and rats of 9th day pregnancy. The procedure is the same as previously reported (10) . Two ml of antiserum were injected intraperitoneally under light phenobarbital anesthesia. Twenty-four h urine samples were collected for the first 2 days and then 13 days postinjection. The protein content of the urine was determined according to the method of Kingsburg et al. (7) . For examination by electron microscope of renal glomeruli of injected animals, renal cortical tissues were doubly fixed in 3% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4 and I% osmium tetroxide in O. I M phosphate buffer, pH 7.4, dehydrated in graded ethanols through propylene oxide and embedded in Epon 812. Thick sections were examined after staining in I% toluidine blue-I % sodium borate. Ultrathin sections were stained with uranyl acetate and lead citrate.
Immunofluorescent localization of teratogenic antiserum. After the intraperitoneal injection of teratogenic antiserum into pregnant rats on the 9th day of pregnancy, the mothers were sacrificed 48 h later. Maternal kidneys and embryonic tissues were examined for the in vivo localization of the injected antibodies with the direct fluorescent antibody technique as previously reported (10) . Goat antirabbit immunoglobulins were purchased from Behring Diagnostics (Sonerville, NJ). Control rats were injected with preimmunization rabbit serum.
RESULTS
Teratogenicity testing. The results of testing for teratogenicity of the various rabbit antisera on embryonic development are summarized in Table I . When administered to rats on the 9th day of gestation, the antiserum raised against the glycoprotein fraction obtained by Con A affinity chromatography was teratogenic. Intraperitoneal injection of I ml of antiserum per 100 g of pregnant rat induced abnormal embryonic development in about 77% of all the surviving fetuses. The spectrum of malformations was similar to the original report of Brent (4) using antisera against whole rat placenta or fetal placenta. The teratogenic effect of the antiserum was dose-dependent. Lower dosage of antiserum induced lower % of fetuses with defects. The most frequently observed congenital defect was anophthalmia, although hydrocephaly and exencephaly were often observed. Preimmunization rabbit serum and antisera raised against Con A and the PBS-extract of the chorioallantoic placenta appeared to have little effect on embryonic development (Table I) .
Nephrotoxic studies of teratogenic antiserum. The antiserum raised against the glycoprotein fraction isolated by Con A affinity chromotography did not induce proteinuria in either pregnant rats or male rats. The results are summarized in Table 2 . The heterologous and autologous phases of kidney damage appeared to be absent after the administration of the antiserum since proteinuria was not observed for the first 13 days after antiserum administration. The amount of 24-h urinary protein output per experimental rat was not much higher than that of the control rat and it was significantly lower than the 200 mg/dayfrat generally considered to manifest proteinuria (10) . Electron microscopic examination of the rat kidney 13 days after the injection of the teratogenic antiserum also confirmed the negative finding in proteinuria study. Only about 7% of all the foot processes of the epithelial cell adjacent the glomerular basement membrane were fused. There was no generalized thickening of the glomerular basement membrane. The endothelial fenestration also appeared to be normal.
In vivo immunofluorescent localization studies. When 9th day pregnant rats were injected with 10 ml of teratogenic antiserum per kg of pregnant rat, specific immunofluorescent localization was observed in Reichert's membrane of the parietal yolk-sac placenta and in the visceral yolk-sac endodermal cells (Fig. I) . \ Average mg ± S.D., (S.D., standard deviation). Fig. I . In vivo immunofluorescent localization of rabbit y-globulin in th visceral yolk sac endoderm and Reichert's membrane. Embryonic tissue was examined 2 days after injection of teratogenic rabbit antiserum against the placental glycoproteins into a 9th day pregnant rat. Reichert's membrane (RM) and the visceral yolk sac endodermal cells (EN) are indicated by pointers (X 140).
Reichert's membrane was stained linearly whereas granular staining was observed at the apical part of the visceral yolk-sac endodermal cells (Fig. 1) . There was little detectable fluorescent staining in the embryo proper, however, the maternal renal glomerular basement membrane appeared to be slightly fluoresced.
DISCUSSION
The biologic effects of heterologous antisera raised against whole chorioallantoic placenta are most intriguing. It is generally agreed that these antisera are abortifacient (5, 8, 14) , nephrotoxic (II, 13, 14) and teratogenic (4, 12) . Some experimental data attempting to clarify these biologic effects have been documented. Gang and his associates (6) isolated an insoluble trophoblast basement membrane glycoprotein fraction from rat chorioallantoic placentas. The antiserum raised against this glycoprotein fraction was nephrotoxic but did not seem to interrupt pregnancy. These authors concluded that other antibodies rather than the antibodies raised against this basement membrane glycoprotein fraction appeared to be responsible for immune abortion (6) . The antisera raised against trophoblast cells have been attributed by other investigators to be responsible for interrupting pregnancy (I, 8). Our present investigation described the isolation of a soluble glycoprotein fraction from rat chorioallantoic placenta by detergent DOC and Con A affinity column. Although this was not a homogeneous glycoprotein antigen (at least three antigens were observed by double immunodiffusion analysis) it represented a better defined antigenic fraction than whole placental homogenate, which was previously utilized by other investigators (4, 12) . The results of this present investigation support the view that immunologically induced teratogenesis by antiplacenta serum does not result from maternal Masugi nephritis. In other studies utilizing heterologous antikidney antiserum, Leung and his associates (9, 10) presented both direct and indirect evidence that different antibodies are involved in the production of immunologically induced teratogenesis and nephritis.
The pathophysiologic mechanism whereby heterologous antisera induced teratogenesis is not understood. Three hypotheses have been proposed (2). They are: (1) a direct effect of antibodies on the embryo proper; (2) secondary effect due to immunologic disease of the mother, and (3) chorioallantoic or yolk-sac placental dysfunction. Although better understanding of the mechanism would come from the isolation of a population of monospecific teratogenic antibodies, the results of our present in vivo immunofluorescent localization study seems to focus our attention onto the yolk-sac placenta, specifically the visceral yolk sac endoderm and Reichert's membrane of the parietal yolk sac. It is possible that antibodies directed against the chorioallantoic placental glycoprotein fraction crossreacted with antigens in the visceral yolk sac endoderm and Reichert's membrane. Teratogenesis could result from antibody-antigen interaction within Reichert's membrane and visceral yolk sac endoderm, thereby interfering with the normal functions of the yolk sac placenta.
